Background: Approximately 80 000 children and young people in the UK suffer from depression, but many are untreated because of poor identification of early warning signs and risk factors.
INTRODUCTION
Approximately 80 000 children and young people in the UK are believed to suffer from depression. 1 Point prevalence between ages 13 and 18 years in the UK is 6%. 2 Internationally, point prevalence in adolescence is 3% to 9% with a lifetime prevalence of up to 20%. [3] [4] [5] [6] Young people with depression have a greater chance of behavioural problems, substance misuse and suicide. 7 Depression may recur and persist into adulthood, particularly if the initial episode lasts over 6 months. [8] [9] [10] Early intervention may therefore be a useful prevention strategy for longstanding mental health problems.
Professional bodies emphasize the importance of early intervention for both mental and physical health. 11 It is argued that early intervention and prevention strategies are excellent value for money. 12 However, in the UK, a late intervention approach persists. 13 In light of this, greater understanding of risk factors associated with depression in young people has become a healthcare priority. 14 Survey data from Norway found that only a third of those aged 15 to 16 years sought early professional help for their anxiety and depression. 15 This may be linked to concerns about stigmatization or confidentiality. 16 Even when young people seek help, rates of recognition by healthcare professionals are low: 18% in some US studies. 17 Raising awareness of depression as a potential diagnosis may help.
Screening tools for depression do not offer a solution. The evidence base is limited for screening tools for child and adolescent depression in primary care settings, such as the Patient Health Questionnaire for Adolescents, the Beck Depression Inventory-Primary Care version and the Strengths and Difficulties Questionnaire. [18] [19] [20] [21] Great variations in sensitivity are reported, and few are tested with large sample sets or with younger children, they are generally only used when depression was already suspected. 22 An evidence review in 2010 23 revealed a wide range of factors associated with the development of depression, including somatic symptoms, such as physical health 24 and sleeping problems 25 with an incremental association observed between number of somatic complaints and severity of depression in young people (16-17 years of age). 26 Smoking behaviour, 27, 28 often related to socioeconomic status, has also been argued to precede the onset of depression, [29] [30] [31] rather than simply being a function of it. Such findings highlight how recognition of depression may be masked by a variety of factors within a primary care setting.
Prediction models have been developed for anxiety and for depression in adults in primary care. 32, 33 Although these have good discrimination characteristics, they are impractical because they require information (Short Form 12 scores) not normally available to general practitioners (GPs). Electronic primary care records include a vast amount of data on symptomatology and other patient characteristics. Practical prediction models using electronic primary care records have been developed to identify patients at risk of cancer, 34 diabetes 35 and emergency hospital admission. 36 It is not known whether an equivalent model could also be used to predict a diagnosis of depression young people.
This study aims to derive and investigate the discrimination characteristics of a preliminary prediction model for a diagnosis of depression in primary care in young adults aged between 15 and 24 years. The objective is to determine which recorded symptoms, diagnoses and additional individual characteristics may contribute to a future model.
METHODS

Study design and setting
A matched case-control study was undertaken using The Health Information Network database (THIN), a large dataset of anonymized electronic medical records extracted from general practices using Vision medical records software. 37 In March 2014, THIN included data from 3.7 million patients currently enrolled with 578 general practices across the UK. The population is broadly representative of the UK population, although it includes slightly fewer persons aged under 25 years than the general population. 38 Data include administrative details such as date of entry and departure from the database; demographic details and postcode-related deprivation index (Townsend quintile); and symptoms, diagnoses, prescriptions and laboratory test results. Research using THIN is approved by the National Health Service (NHS) South-East Multicentre Research Ethics Committee in 2003 subject to review by an independent scientific review committee. 39 Practices were included if they had contributed at least 1 year of data after the latest of three dates: practice acceptable mortality reporting date, 40 the start of the study period and the date the practice started using Vision software. The date of practice acceptable mortality reporting is an indicator of data quality: before this date under reporting of dates of death and patient deregistration may make data unreliable. The study period was defined as between 1 January 2000 and 21 December 2012.
Participants
Cases were young people aged between 15 and 24 years (from mid-adolescence to late-adolescence) with an incident first recorded diagnosis of depression within at least 6 months of registration with the practice (i.e. 6 months' observation) prior to diagnosis. This age range was chosen because 15 years is considered to be mid-adolescence; recent research revealing neurological changes in the brain continues through to mid-20s. 41 Incident depression was defined as the first occurrence of any of a list of clinical codes (Read codes 42 ) for depression or a first prescription for an antidepressant drug from the appropriate section of the British National Formulary. 43 Drugs included tricyclic and related antidepressant drugs, monoamine oxidase inhibitors, selective serotonin reuptake inhibitors or other antidepressant drugs. Date of diagnosis was the index date.
Exclusion criteria included patients in whom the first clinical code for depression indicated a history of depression (implying a previous diagnosis) and patients with a first diagnosis of depression aged younger than 15 years.
Each case was matched on practice, index date, gender and age (up to ± 3 years) to three controls, selected without replacement. Eligible controls had no diagnosis of depression up until index date of their matched case. This means that a case could also be a control if they had not experienced depression up until the index date of their matched case. Controls could also have a diagnosis of depression after the age of 24 years.
Exposures/variables
Exposure variables include the following: Townsend deprivation quintile, symptoms associated with depression, somatic symptoms linked to depression, co-morbidities (chronic diseases), family and social factors, drug and alcohol misuse and other psychological conditions.
Depression symptoms include anxiety, low mood, tiredness, loss of enjoyment, too little sleep, too much sleep, eating disorders, weight loss, weight gain, bed wetting, excessive sweating or self-harm.
Somatic symptoms include headache, dyspepsia, dysmenorrhea, abdominal pain, back pain, illdefined conditions, frequency of consultation (for any reason) and other somatic symptoms.
Co-morbidities include diabetes, epilepsy, asthma, early or late puberty and skin problems.
Family and social factors include the following: childhood emotional problems, divorce, homelessness, bereavement, unemployment, family history of abuse or neglect, family history of drug misuse, family history of alcohol misuse, family history of depression, abuse/neglect/non-accidental injury, neonatal health problems, missed immunizations, developmental delay, police involvement, other social services involvement, psychosexual problems, school problems, teenage pregnancy, work stress and young carer.
Data sources/measurements
Clinical data are entered by GPs or other clinicians during routine consultations. Asthma, diabetes, dyspepsia and epilepsy were defined as present if either a clinical code (Read code) or prescription of a specific drug was recorded in the 2 years prior to the index date. The remaining exposure variables were defined as present if a clinical code was recorded in the 2 years prior to the index date, with the exception of developmental delay, early childhood emotional problems, missed immunizations, neonatal health problems and early/late puberty, which were defined as present if a clinical code was ever recorded prior to the index date.
Smokers were defined as patients with any record indicating smoking in the 2 years prior to the index date. Patients who did not have a smoking status recorded remained in the analysis but had their smoking status categorized as missing. It is thought that this group might be predominantly non-smokers who had not been asked their smoking status or patients who did not regularly visit their GP.
A count of the number of GP consultations in the year prior to the index date was made. For patients who had less than 1 year of registration (between 6 months and 1 year), their consultations over a 6-month period were counted and doubled. This was a continuous variable, and therefore, model estimates represent a linear relationship between the number of consultations and the probability of depression.
Study size
Survey data indicate that 2.2% of young people aged between 16 and 24 years experienced an episode of depression in the past week. 44 In 2009, there were 6 570 800 young people aged 15-24 years in the UK; we would therefore expect approximately 144 500 to experience an episode of depression. As the THIN dataset is a broadly representative sample of approximately 6% of the UK population, we would expect 8670 cases of depression in our dataset. This is sufficient to investigate all conceivable predictor variables. 45 
Statistical methods
Because some predictors had been unstable over time in a previous similar analysis, an initial analysis was carried out to determine whether the relationships between the variables and depression were stable over time. Univariable odds ratios were calculated for each year of diagnosis and visualized using run charts: a systematic change in odds ratio over time would lead to the variable's exclusion. No exposure variables were excluded as a result of this exercise. In addition, frequency counts of each exposure variable were produced and variables with too few events (<0.02% of total sample size) were eliminated from the set of potential predictors. Eight variables were excluded because they were infrequently recorded in the dataset: sleep (too much), divorce, unemployment, teenage pregnancy, family history of abuse or neglect, family history of drug misuse, family history of alcohol misuse and family history of depression. Ethnicity was not included in the model predictors owing to the amount of missing data (63.2% of patients had no ethnicity recorded). Patients who did not have Townsend quintile recorded were excluded from the analysis.
Two-thirds of practices were randomly allocated to be a development dataset (used for model development, selection of variables and estimation of regression coefficients) and the remaining third of practices allocated to a validation dataset (to test discrimination ability of model).
The statistical model was developed by entering all potential predictor variables into a backward stepwise conditional logistic regression model, with the significance level for removal of predictors set at 0.01 (lower than 0.05 due to large sample size). This method has been used to develop prediction models for anxiety and for depression in adults. 32, 33 Separate models were developed for two age groups within each gender: 15-19 years and 20-24 years. The final set of potential predictors available to all models included the following: Townsend quintile, smoking status, anxiety, low mood, tiredness, loss of enjoyment, sleep disorder (too little), eating disorders, weight loss, weight gain, bed wetting, self-harm, headache, dyspepsia, dysmenorrhea, back pain (with and without specific characteristics), ill-defined conditions, other somatic symptoms, diabetes, epilepsy, asthma, skin problems, childhood emotional problems, homelessness, bereavement, abuse/neglect/non-accidental injury, neonatal health problems, missed immunizations, developmental delay, police involvement, other social services involvement, psychosexual problems, school problems, work stress, young carer, obsessivecompulsive disorder (OCD), post-traumatic stress disorder, alcohol misuse, drug misuse, abdominal pain, excessive sweating, early/late puberty and number of consultations in the year prior to the index date.
As a sensitivity analysis, each model was developed, omitting the following variables from the set of potential predictors as these symptoms may have indicated that the GP was already considering depression as a possible diagnosis: anxiety, bereavement, low mood, self-harm, OCD and posttraumatic stress disorder.
To investigate the discrimination characteristics of the final models, individuals in the validation dataset were allocated a score equal to their multivariable odds ratio and receiver operating characteristic curves constructed for each model.
Additional analyses were performed to investigate whether the number of risk factors increased the risk of depression. A count of the number of risk factors in the following four groups was included in the model: symptoms associated with depression, somatic symptoms, co-morbidities and family and social factors.
Assuming no interaction between age and predictors, we used Bayes Theorem to derive an approximate estimate of the probability of depression in the next year. The annual incidence of depression (D) is an estimate of the prior probability of depression and the odds ratio is an estimate of the positive likelihood ratio (LR). The post-test probability of depression is given by ( 
All analyses were performed using Stata (version 12). Clinical code and drug lists are available from the authors on request.
RESULTS
A total 98 562 cases and 281 248 controls were selected from 564 general practices (Fig. 1) . Most cases were women (67.1%) and diagnosed with depression between the ages of 20 and 24 years. Table 1 summarizes demographic and frequency of occurrence of exposure variables. It was not possible to match three controls to each case for every case; thus, the case to control ratio achieved was 1:2.85. Of the controls, 98.6% was matched to cases of the same age in years. The remainder were matched with a control closest in age up to 3 years older or younger.
The development dataset consisted of 67 321 cases and 192 135 controls, and the validation dataset had 31 241 cases and 89 113 controls. Stepwise conditional logistic regression modelling was carried out with 42 potential predictors plus Townsend quintile and smoking status; the final model for each dataset is presented in Table 2 . Excluding specific symptoms, which might be indicative of depression from the variable selection process, did not result in any additional variables coming in to the final models. Figure 2 shows receiver operating characteristic curves for each model, produced using the validation dataset. The area under the curve was similar for all four models; men aged [15] [16] [17] [18] Sensitivity analyses, where the model was developed omitting potential predictors which might be indicative of early signs of depression, resulted in only minor differences in the variables included and estimates of effect. Adding the number of potential risk factors did give a significant effect for some of the risk factor groups, although this did not result in a significant improvement to the model fit.
Applying Bayes Theorem, we estimated that more than half of women aged 18 to 23 years and more than one in five men aged 19 to 24 years with an odds ratio of 10 will be diagnosed with depression within a year (Table 3) . This is consistent with having two or three predictors of depression.
DISCUSSION
Our analysis of a large dataset of electronic primary care records identified a number of socio-economic and symptomatic predictors of a diagnosis of depression in young men and women aged 15 to 18 years and 19 to 24 years. Whilst the multivariable models derived for men had better discrimination characteristics than those derived for women, a number of predictors were common to all models. These included Townsend quintile, smoking status, symptoms associated with depression (anxiety, low mood, tiredness, too little sleep and self-harm); somatic symptoms (headache, back pain, dyspepsia and frequent consultation); life events (bereavement, indicators of abuse or neglect) and other psychological conditions (OCD). The strongest predictors were symptoms associated with depression and other psychological conditions. School problems (bullying, school refusal and truancy) and social services involvement were more prominent predictors in men than women aged 15 to 18 years, whereas work stress was only a predictor in women aged 19 to 24 years. Self-harm, although infrequently recorded, was a prominent predictor of depression, particularly in men aged 15 to 18 years. We found that depression is sufficiently common in young people with two or three predictors to merit specific enquiry to rule it out. The recording of data in this large primary care dataset is reflective of usual practice in primary care. This means that a prediction model makes use of readily available data and is, therefore, intended for use in a general practice setting. This distinguishes it from previous prediction models, which include specific data items collected in the context of a research project. 32, 33 The size of the dataset has allowed an extensive number of potential predictor variables to be included in the analysis. As with other prediction models using primary care records data, the added complexity of including multiple predictors can be mitigated by integrating the prediction tool into database software. 35 The main limitations of the model are the accuracy and completeness of records. If depression remains undiagnosed, this may weaken the associations between predictors and depression. Prescription of an antidepressant drug was taken to indicate a diagnosis of depression. This may misclassify some patients with antidepressant-treated OCD as depressed. Many predictors and features of depression, including low mood, loss of enjoyment and anxiety, are infrequently elicited or recorded and therefore are not predictors of a recorded diagnosis of depression in this analysis. But the fact that a predictor is not recorded does not mean that it is absent. For example, difficulties in family and relevant social histories are recorded as present in fewer than 1% of cases of depression and drug and alcohol misuse in only about 1%. Because clinicians vary in the way they record information, it is not possible reliably distinguish different types of anxiety or whether divorce refers to personal or parental divorce.
Factors such as divorce, unemployment, teenage pregnancy, family history of abuse or neglect, family history of drug misuse, family history of alcohol misuse and family history of depression were excluded from our study because of low levels of recording. Further analysis might group these variables using factor analysis or latent class analysis to identify clusters of predictors. Incomplete recording of ethnicity also meant that it was not included in the analysis. Not all presenting symptoms are recorded for each consultation, and recording of symptoms may be more likely when a diagnosis of depression is being considered, exaggerating the association between symptoms and diagnosis. Predictors of depression in adults consistently include previous history of depression, family history of psychological difficulties, physical health problems, mental health problems (assessed by Short Form 12) and difficulties in paid or unpaid work. 33 Our analysis identified a similar range of factors reflecting the work and school environment, family circumstances and personal health problems. We found work problems were strongly associated with depression in young women aged 19 to 24 years. Specific factors in young men aged 15-18 years included school problems (truancy, bullying and school refusal) and social services involvement, which may indicate family problems. These findings support other research, suggesting very high levels of depression in young people with mixed school refusal (both anxious school refusers and truants), 46 who experience bullying 47, 48 ; who both participate in and experience bullying 49 ; and who experience unpredictable, chaotic or abusive interpersonal relationships. 50, 51 Risk factors for depression are recorded very incompletely, unlike risk factors for such conditions as cardiovascular disease. With more complete and accurate recording of risk factors, it is likely that a better prediction model for depression could be derived. There is a case for better recording of family, social, school and work histories and for considering depression as a diagnosis when problems are reported.
This case-control study is a promising first step into deriving a predictive model to assist primary care clinicians to improve their clinical awareness and diagnosis of depression in young people. Further analysis using a retrospective cohort design would allow a direct estimation of risk of depression related to symptoms and other patient characteristics.
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